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Background: Calcium plays an important role in optimising bone health. Sufficient 
intakes are especially important during periods of growth and development, to ensure the 
attainment of peak bone mass- a strong predictor of later life fracture and osteoporosis risk. 
Adolescents have among the highest dietary calcium requirements of any lifecycle group, 
with an estimated average requirement of 1050 mg/day. The high calcium requirements 
necessary for this lifecycle group creates challenges in achieving a sufficient intake, 
especially when coupled with the changes in dietary patterns associated with this life period.  
Usual daily calcium intakes and the prevalence of inadequacy among New Zealand male 
adolescents is currently unknown, with the last available data captured over a decade ago. 
Moreover, the wider implications of changes in food consumption and supply over this 
period, in particular, the downward trend in consumption of milk and dairy products, could 
have an influence on the dietary calcium intakes of adolescents. 
Objective: To determine usual dietary calcium intakes, major contributing food sources of 
calcium, and examine specific dietary habits known to influence calcium intakes of New 
Zealand male adolescents aged 15-18 years. 
Design: The present study used data from a cross-sectional, multi- site survey of 135 
adolescent males (15-18 years), recruited across 6 New Zealand high schools between 
February and March 2020. Socio-demographic and dietary habit data were collected using  
online questionnaires and weight and height were taken for calculation of body mass index. 
Dietary intake data was obtained via two 24-hr diet recalls, with the multiple source method 
(MSM) used to adjust for usual calcium intake. The estimated average requirement (EAR) 





Results:  The usual median (IQR) of calcium intakes of the sample population were low, 
935 (656, 1222) mg/day . The prevalence of inadequacy was high (63%), with Asians, and 
those residing in low deprivation neighbourhoods identified as being at increased risk of 
calcium inadequacy (76% and 71%, respectively). Energy intakes appeared positively 
related to calcium intakes, as evident by concurrently high energy and calcium intakes 
among various subgroups. Milk was widely consumed among participants (77%) and as 
such, was the most valuable source of calcium, contributing nearly one-third (28%) to total 
calcium intakes of the sample population. Additional calcium contributing food groups 
included cheese (11%), bread (8%), bread-based dishes (6%) and non-alcoholic beverages 
(6%). The highest dietary calcium intakes were demonstrated among participants who 
reported frequently consuming milk and dairy products (several times per week, daily, or 
multiple times per day) and breakfast (everyday), and avoided sugar-sweetened beverages 
(non-consumers or rarely consumed). 
Conclusion: The reported intakes of calcium were suboptimal in our sample of adolescent 
males, resulting in a high percentage of the population not meeting current recommended 
intakes. Improved calcium intakes were reported among frequent consumers of milk, dairy 
and breakfast, and those who avoided sugar-sweetened beverages. Given the consequences 
associated with failure to achieve sufficient calcium intakes during this period, a nationally 
representative investigation of the calcium intakes of NZ adolescent males is required, 
allowing for discernment of whether there is need for further interventions to address this 







This thesis is written as part of a wider study, the SuNDiAL project (Survey of Nutrition, Diet and 
Lifestyle). The aim of SuNDiAL is to investigate dietary intakes, nutritional status, health status, 
lifestyles, and motivations and attitudes towards food choices of adolescents across New Zealand. 
The findings from SuNDiAL will be utilised to inform and guide public health policy. The study 
was conducted over a two year period, divided into two phases (Phase 1 and Phase 2, conducted in 
2019 and 2020, respectively). The results presented in this thesis concern phase 2, data obtained 
from adolescent males.  The research was carried out by second year Masters of Dietetics (MDiet) 
students, of whom were dispersed among high schools nationwide.  
 
The primary investigators (PIs), Dr. Meredith Peddie and Dr. Jill Haszard, were responsible for 
oversight of the study, including study design, development and ethical consent. Dr. Jill Haszard 
was responsible for oversight of statistical analysis and data cleaning. Dr. Lisa Houghton was 
responsible for academic supervision of the candidate, as well as assisting with statistical analysis.  
 
This thesis in particular focuses on the calcium intakes and the major contributing food sources of 
New Zealand males aged 15-18yrs in New Zealand. 
 
The candidate was responsible for the following: 
- Conducting and writing up the literature review 
- Recruitment of participants amongst eligible high schools, involving development and 
delivering a presentation explaining the study to potential participants 
- Successful recruitment of 39 participants across 2 schools 
- Obtaining participant contact details of interested participants and communicating these 





- Liaison with schools to arrange data collection days 
- Arrangement of appointment times and contacting participants for the designated data 
collection days 
- Collection of anthropometric data (height, weight and ulna length) 
- Taking blood pressure measurements 
- Conducting 2 x 24hr dietary recalls  (the first conducted in person, the second via phone 
call) 
- Administration of 2x 24hr activity recalls (the first conducted in person, the second via 
phone call) 
- Assigning accelerometers and sleep, wear time diaries, and collection of these when 
participants had completed the allocated days 
- Follow-up with participants that had not completed the online questionnaires, or responded 
to initial efforts to contact for in-school data collection visits 
- Liaison with local phlebotomist to organise time for collection of blood and urine samples 
- Assisting phlebotomist with the collection of samples, ensuring participants were assigned 
to their correct ID, tubes labelled correctly 
- Data entry of 24hr dietary food recalls into nutrient software programme, FoodWorks 
- Data entry of anthropometric measurements, and 24hr activity recalls into REDCAP 
- Interpretation and write up of results and discussion 
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Calcium is an essential mineral with a vital role in facilitating optimal bone health, alongside 
other critical functions including blood clotting, muscle function, nerve transmission and 
hormonal signalling (1). Failure to obtain a sufficient dietary calcium intake, particularly in 
periods of rapid growth and development, is detrimental to long-term bone health (2–4). 
Additionally, it is plausible that insufficient intakes over this period, may not be able to be 
“caught-up” in later years (5,6). Importantly, adolescence is a critical period in achieving peak 
bone mass (PBM) (5,7). Furthermore, the attainment of PBM is well-documented as the most 
important predictor of future fracture risk and osteoporosis (5,8)- of which incurs a sizeable 
economic cost to the NZ healthcare system at approximately $1.15 billion per annum (9).  
 
Given the significant accrual and deposition of calcium into bone during adolescence (10,11), 
dietary calcium requirements are among the highest of any lifecycle group (10). However, 
globally, it appears many adolescents struggle to achieve recommended calcium intakes, as a 
high prevalence of inadequacy is consistently identified (12–15), with an even greater risk 
among certain ethnic subgroups, such as Asian adolescent males (16).  In New Zealand, the 
last national nutrition data available in 2008/09, reported usual calcium intake of adolescent 
males (aged 15-18yrs) to be below recommended amounts (980mg/day, compared to the 
estimated average requirement (EAR) of 1050mg/day) (17,18). This suboptimal intake resulted 
in a high prevalence of calcium inadequacy (58%).  
 
Calcium is primarily found in dairy products such as milk, cheese and yoghurt (3,10). 
Additional sources of calcium include tinned salmon and sardines, tofu, almonds, dark green 




Understanding the major food group contributors to daily calcium intake is important to 
consider, particularly if efforts are needed by policy makers to decrease the high prevalence of 
calcium inadequacy (17). Research to date consistently identifies milk as the leading 
contributor to calcium intakes among adolescents, providing between 20-30% of daily calcium 
(13,15,17,20–22). However, recent changes in dietary patterns, including a downward trend in 
milk and dairy product consumption (23), may have negatively impacted calcium intakes. 
 
Similarly, understanding the links between dietary habits and calcium intakes will strengthen 
the ability to identify food patterns that optimise calcium intake and subsequent bone health. 
While trends in dietary behaviour and food choices are unknown among New Zealand 
adolescent males, evidence from other countries such as Australia and America, have revealed 
both positive and negative associations between certain dietary habits and calcium intakes, 
including milk, dairy products, breakfast and sugar-sweetened beverage consumption, as 
markedly influencing the calcium intakes of this population (24–26).  
 
With the last available calcium intake data being over a decade old, the present study aimed to 
assess the usual calcium intakes of adolescent males aged 15-18 yrs in New Zealand, as well 
as identify the major contributing food sources, and possible dietary habits known to influence 
calcium intakes amongst this lifecycle group. The findings from this study will be used to 








2. Literature Review 
 
2.1 Calcium Metabolism and Homeostasis 
	
2.1.1 Functional Role of Calcium 
	
Calcium is an essential mineral predominantly located in the bones and teeth (99%) as calcium 
hydroxyapatite (10). Calcium is the most abundant mineral in the body, and is an integral 
component of the skeleton, where it provides structure, strength and rigidity (3). The remaining 
1% of total body calcium is found in blood and muscle and is involved in vascular contraction, 
muscle function, nerve transmission, and intracellular and hormonal signalling (10). A 
sufficient dietary calcium intake is imperative, as the body does not synthesise calcium (3) and 
is therefore reliant on dietary sources to carry out the previously described functions. 
 
2.1.2 Calcium Homeostasis 
	
Bone tissue acts as a mineral reservoir for calcium, allowing for deposition and mobilisation 
of calcium in order to maintain tight serum homeostatic control (10). The body requires 
calcium levels to be maintained within a narrow physiological range to function normally; 2.12 
-2.62mmol/l (3). In the case of dietary calcium being insufficient to balance obligatory losses 
from faeces, urine and sweat, calcium will be mobilised from the bone (27). This homeostatic 
process is regulated primarily by parathyroid hormone (PTH), 1,25-dihydroxycholcalciferol 
(calcitriol) and calcitonin via a negative feedback loop mechanism (3). Low circulating 
concentrations of calcium are detected by the parathyroid gland, signalling secretion of PTH, 






2.1.3 Absorption and Metabolism 
	
Calcium is absorbed across the intestinal mucosa through two forms of transport; active 
absorption and passive diffusion (28). Calcium absorption is inversely related to intake, with 
increased fractional absorption occurring at lower intakes (29). Absorption rates are markedly 
higher during periods of growth, such as adolescence, to facilitate demands of growing skeletal 
tissue (11,27). Average calcium absorption rates for adolescent males (14-18yrs) are 
approximately 210mg/day (11), peaking at around 14 years, when they reach between 300-400 
mg/day (30). During this period, dietary calcium intake appears to directly influence skeletal 
calcium accretion (31).  A sufficient vitamin D intake is also necessary, as vitamin D facilitates 
the absorption of calcium (28). Additionally, high protein, caffeine and sodium intakes increase  
calcium excretion (32). However, high protein diets, despite increasing urinary calcium 
excretion, are not associated with impaired calcium status, and in some cases have even been 
shown to increase intestinal calcium absorption (33). Furthermore, consumption of a low 
protein diet hinders bone growth and is associated with higher fracture risk, therefore reducing 
protein intakes in order to optimise calcium balance is not advisable (33). 
 
2.1.4 Calcium as a Threshold Nutrient 
	
Calcium balance studies have verified that calcium behaves as a threshold nutrient (31). A 
threshold nutrient behaves in the way of generating a nutritional response below the threshold, 
but not above it. In terms of calcium, this implies that at intakes below the threshold, increasing 
intakes will improve calcium balance and consequently bone mass, whereas above the 
threshold, absorption pleateus, and additional calcium confers no added benefit (31). 





2.2 Calcium and Bone Health 
	
2.2.1 Bone Formation 
	
Calcium deposition into bone is an ongoing process, however the rate at which this occurs 
accelerates during childhood and adolescence to facilitate skeletal development (3,11). 
Changes in the skeleton structure involves a coordinated response between bone-forming cells 
(osteoblasts) and bone resorption cells (osteoclasts) (34). In periods of rapid growth and 
development, the skeletal process is one of bone formation, of which involves osteoblast 
activity exceeding osteoclast activity (3). Significant bone accrual occurs in adolescence, 
which sees approximately 40% of total bone mass being acquired over a 3-5 year time period 
(35).  During this window of time, calcium accretion rates are at maximal capacity to facilitate 
this (11), and consequently, a higher dietary calcium requirement is indicated to support this 
process. Bone formation throughout this period is often likened to the concept of a “bone bank” 
(36). This phrase implies bone formation during younger years, acts as an early deposit, 
providing strong foundations for future skeletal health, generating benefits in later life. 
2.2.2 Peak Bone Mass Attainment 
	
Peak bone mass (PBM) is defined as “the amount of bony tissue present at the end of skeletal 
maturation” (37). There is no consensus on the age PBM is achieved, but it is widely considered 
to be between 20-30 yrs (35,37,38).  Bone mass is primarily determined through DXA (Dual-
energy X-ray Absorptiometry) scans, which are used to assess bone mineral density (BMD), a 
variable directly related to bone strength (37).  There is cohesive agreement within the literature 
that approximately 80% of PBM is determined by genetics, with the remaining 20% considered 
to be influenced by environmental factors, such as diet and physical activity (7,37–39). It is 
important to note that bone is a dynamic tissue, undergoing continual remodelling, allowing it 




recognize that lifestyle choices influence the trajectory of an individuals’ bone health, as 
illustrated by Figure 2.1.  Among modifiable factors influencing PBM, calcium is considered 
as a crucial nutritive factor (7,31,39). However, whilst literature unanimously agrees calcium 
is vital in facilitating PBM, the quantitative extent of its influence is unclear (39,41,42). Whilst 
research frequently notes positive associations between dietary calcium intakes and total BMD 
in adolescents (43–47), this effect has been suggested to be transient, with calcium’s effect on 
bone mass being negligible once increased calcium intakes were discontinued (44). Further 
longitudinal studies are required in this area to assess long-term effects of dietary calcium 
intakes on BMD. Importantly, whilst calcium intake is only one factor involved in influencing 
PBM, it is a lifestyle factor of which is modifiable. Therefore, ensuring sufficient dietary 
calcium is a key interventional target for bone health, setting an early foundation for 
osteoporosis prevention, as it is widely acknowledged that PBM in adolescents is considered 


























Osteoporosis is defined as “a systemic skeletal disease that is characterized by loss of bone 
mass and microarchitectural deterioration of bone tissue, and consequently an increase in bone 
fragility and sucepsibility to fracture” (48). The World Health Organisation (WHO) considers 
osteoporosis as a major public health issue, of which incidence in both females and males, is 
expected to increase as life expectancies continues to rise (9). Whilst osteoporotic fractures in 
men are less common, they have been associated with higher rates of disability and death than 
in women (49). Whilst traditionally considered an age-related disease, progressive 
understanding has seen osteoporosis increasingly termed as a “paediatric disease with geriatric 
consequences” (50,51).  This phrase summarises that osteoporosis is a disease that is dependent 
on the balance between the bone mass acquired in adolescence, and the rate of bone loss in 
later life. Furthermore, whilst bone loss is an inevitable process associated with aging, it is  
non-modifiable and efforts to prevent this later in life are relatively ineffective (52), whereas 
interventions initiated earlier have the potential to generate more meaningful effects (51). 
Therefore, the balance of bone loss can be offset to some extent by achieving optimal PBM in 
younger years, which has the ability to be influenced by modifiable factors, including dietary 
calcium intake (5). In addition to nutritional factors, other modifiable risk factors for 
osteoporosis include smoking, alcohol consumption, stress and lack of physical activity (53). 
Ensuring all possible steps are taken to optimise bone health in adolescence, will consequently 
help minimise fracture rates and osteoporosis in later life.  
	
2.3 Calcium and Other Physiological Associations 
	
2.3.1 Calcium Intakes and Adiposity 
	
Several studies have suggested that dietary calcium is beneficial in regards to weight 




their calcium requirements (or had higher calcium intakes) had significantly lower body fat 
and a lower prevalence of overweight/obesity than their respective counterparts. However, 
Nappo et al observed that when separating non-dairy and dairy calcium sources, only dairy 
sources were attributable to this effect (55). Conflictingly, another study concluded that the 
consumption of dairy products did not adversely affect body weight and body composition 
(57). It is worth noting however, that these studies are observational, rather than higher quality 
randomised control trials (RCTs), therefore there is the potential for confounding factors to 
influence the outcome of the results.  Whilst calcium (from dairy sources) may be a protective 
factor against excess adiposity, further studies are needed to clarify their respective mechanism 
of action and discern whether the effect is attributed to the calcium itself, the matrix of nutrients 
present in dairy products, or the overall dietary patterns that present in adolescents with higher 
dietary calcium intakes. 
	
2.4 Calcium Nutrition 
	
2.4.1 Nutrient Reference Values 
	
Nutrient Reference Values (NRVs) describe the amount of a nutrient that is required on an  
average daily basis for adequate physiological function and prevention of deficiency states 
(18). Table 2.1  displays NRVs used for New Zealand male adolescents in relation to calcium 
intakes. It is important to note that NRVs may vary between countries due to decision making 
being based on differing evidence. The EAR can be used to estimate the prevalence of 
inadequate intakes between populations, making it a useful tool to compare calcium intakes of 
male adolescents from various studies (provided the same EAR is used). It should be noted that 
the EAR cut-point method can only be applied to usual intakes. Balance studies, factorial 
estimates and assessments of changes in bone mineral density and bone mineral content are 




reference values have determined the EAR for adolescents to be 1,050 mg/day. This has been 
formulated taking into account the significant increase in skeletal calcium accretion that occurs 
during adolescence (18). Adolescents have particularly high calcium requirements due to this 
being a period of rapid growth and development, with approximately 40% of total skeletal bone 
mass being acquired within the 3-5 years around puberty (30). NRVs for calcium vary between 
countries, however requirements generally fall between 1100-1600mg/day for male 
adolescents (11,31).  
	
Table 2.1 New Zealand and Australian Nutrient Reference Values for Adolescent Males (18) 
 
2.4.2 Dietary Assessment of Calcium Intakes 
	
Selecting an appropriate dietary assessment method is integral for collection of dietary 
information and synthesis of nutrient intakes. Table 2.2 provides an overview of different 
methods used to assess calcium intake. All identified methods have strengths and limitations, 
influencing their appropriateness for use in certain populations or situations. The weighed diet 
record is the most precise measure of food and nutrient intake, as it eliminates memory-
dependent error when recalling foods and portion sizes consumed (58). However, it has a large 
  Estimated Average Requirement 
(EAR) 
Recommended Daily intake 
(RDI) 





“A daily nutrient level estimated to 
meet the requirements of half the 
healthy individuals in a particular 
life stage and gender group" 
 
 
“The average daily dietary 
intake level that is sufficient to 
meet the nutrient requirements 
of nearly all (97-98%) healthy 
individuals in a particular life 
stage and gender group” 
 
 
“The highest average daily 
nutrient intake level likely to pose 
no adverse health effects to almost 
all individuals in the general 
populations. As intake increases 
above the UL, the potential risk  






Used to estimate the prevalence of 
inadequate intakes within a 
population 
 
Used to assess an individuals’ 
nutrient intake. Usual intake at 
or above this has a low 
probability of inadequacy  
 
 
Used to estimate the percentage of 
the population at potential risk of 

















burden, of which adolescents have previously identified as something they would be reluctant 
to complete (59). Consistently, the 24-hr diet recall has been cited as the most useful method 
for assessing dietary intakes from adolescents (60,61). Furthermore, it has been verified as 
being a valid and reproducible assessment method for this population group (62). Food 
frequency questionnaires have also been shown to produce valid calcium intake information 
(62,63), albeit they have a tendency to overestimate calcium intakes (64). 
 











questions on how often 
they consume particular 




Ease of administration 
(usually self-administered) 
Low respondent burden 
Cheap to administer 
Good for large studies 
epidemiological studies 
Good for ranking intakes of 
a population 
Retrospective method  
(does not affect eating 
behaviour) 
 
Can be costly (financially and time wise) to develop and 
validate 
Question design critical to get right 
Specific to study groups and research aims 
Participant must be numerate and literate 
Relies on memory and over reporting is common 
because of the way questions are asked 
Not suitable for individual intakes 
Does not give precise information on portion sizes 
consumed 





Participant recalls all 
food and drink 
consumed and the 
estimated serving sizes 
within a 24hr time 




Good for group intakes and 
large studies 
Can assess usual intakes of a 
large population 
Great validity in group level 
surveys 
No recall bias 
Detailed information on 
eating patterns, preparation 
methods etc 
 
Relies on memory 
Literacy and high motivation required 
Requires a trained interviewer 
“Flat slope syndrome”- underestimate items consumed 
in large amounts and overestimate items consumed in 
small amounts. 




Diet history  
A qualitative method in 
which respondents 
answer questions about 
their usual food intake, 
including amounts and 
meal patterns. Usually 
used in clinical settings 




Allows quick “snapshot”  
 Retrospective- 
 does not interfere with 
eating habits 
Useful to describe usual 
food or nutrient intakes over 
a long period of time 
 
Relies on memory and usual eating patterns. 
Requires a trained interviewer 







Participant to weigh or 
estimate and record all 
food and drink when 
consumed.  
 Most precise 
“Gold standard” method 
Information on actual intake 
Can be used to validate 
other dietary methods 
 
Participant Burden 
Motivation, numeracy and literacy required. 
Time consuming 
Expensive (coding and entering data) 
Participant may change usual eating patterns to lessen 
the burden of recording  




2.4.3 Associations between Energy and Calcium Intakes 
	
For many nutrients, intake appears to be strongly correlated with energy intake (67). In this 
regard, higher energy intakes are likely to result in higher nutrient intakes, and consequently a 
lower risk of inadequacy. However, this may not apply as calcium is primarily concentrated in 
certain food groups (milk and milk products) and not particularly widely distributed across the 
food supply. Evidence supporting associations between energy and calcium intakes is limited, 
yet conflicting. Several studies appear to indicate calcium intakes to be independent of energy 
intakes (68,69), whereas other studies have suggested energy and dietary calcium intakes to 
increase concurrently (70,71). However, whilst evidence is limited on associations between 
energy and calcium intakes, some studies have demonstrated positive relationships between 
energy intakes and consumption of dairy products (24, 70). Interestingly, despite being 
associated with a higher energy intake, dairy consumption was not associated with a higher 
body weight or adiposity (57). This lends support to the previously discussed concept that 
calcium and/or dairy product consumption may have a modest protective effect on adiposity. 
However, to date, all studies in this area of research are observational, therefore reported 
associations may be influenced by confounding factors. Well-designed RCT’s are required to 
assess the relationship between energy with calcium and/or dairy intakes in this population. 
 
2.4.4 Calcium Intakes of Adolescent Males 
	
There is considerable variation in calcium intakes internationally, due to differences in food 
environments, eating patterns and food staples associated with different geographical locations 
(12). Table 2.3 clearly illustrates the diversity of calcium intakes that exists globally. This is 
further supported by a global systematic review of calcium intakes which analysed data from 
74 different countries, concluding that average dietary calcium intakes range between 175 and 




favourable calcium intakes relative to other countries in Table 2.3, this may be in part attributed 
to the NHANES including supplemental calcium in their data. Calcium intakes have also been 
demonstrated to vary between ethnicities (16,17,68,72).  As of the latest New Zealand Adult 
Nutrition survey, Māori and Pacific males were observed to have substantially lower mean 
intakes (786 and 680 mg, respectively) than NZ European adolescents (1015 mg) (17).  Asian 
countries appear to have amongst the poorest calcium intakes (12,20,73). For example, male 
adolescents in the China Nutritional Transition Study had a mean intake of just 426 mg/day 
(74). This may be attributed to avoidance or lower consumption of milk and milk products, due 
to the higher prevalence of lactose intolerance among this ethnic group (75).  
However, regardless of geographic location, calcium intakes remain ubiquitously low globally 
among this population group (12). For example, Australian and New Zealand adolescent males 
were reported to have estimated intakes of 739 mg and 980 mg respectively, as of their most 
recent national nutrition surveys (13,17). Studies yield mixed results regarding association 
between calcium intakes and socio-economic status (SES). For example, a systematic review 
conducted by Novakovic et al in Europe demonstrated that 6/10 studies identified lower SES 
groups to have lower calcium intakes, than those of higher SES groups (76). This is likely the 
result of constrained budgets resulting in a poorer quality of diet, as a lower food expenditure 
has been demonstrated to  be a key contributor to less-healthy food choices among lower SES 
groups (77).  Conversely, the ANS08/09 observed no differences in calcium intakes between 
varying SES groups (17). Whilst intakes are consistently below recommendations for both 
male and female adolescents, the literature unanimously suggests that males tend to have 





Table 2.3 Global Estimates of Calcium Intakes for Adolescent Males from Major National Studies 
NRV, Nutrient Reference Value; AI, Adequate Intake N/A, Not Available 
1From dietary sources alone, excludes calcium contributions from supplement, antacid and water consumption 
2Data included adolescents 10-18years 
3 For total population group, not stratified to identify calcium intakes of adolescents specifically 
4Data inclusive of ages 18-49 
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Key Findings  







EAR= 1050 mg 
 
Single 24hr diet recall with a trained 







Māori and Pacific lower intakes comparative to NZEO 
No apparent differences between SES 
Milk the most prominent contributor to calcium intake (23%), 
followed by bread (10%), non-alcoholic beverages (8.3%), and 
cheese (6.6%) 
 
National Nutrition and 







Voluntary, cross sectional national survey. 
1 x 24hr recall, with a second recall 









Calcium contributions peak at breakfast Milk was the major 
contributor to daily calcium intakes (approx. 23%), cheese and 









AI= 1300 mg 
 
2 x 24hr diet recalls, dietary supplements 









19% of this population were consuming calcium supplements, 










1000 mg (12-14yrs) 
1100 mg (15-17yrs) 
 
Dietary intakes survey with a semi-







Asian populations evidently calcium deficient 
 
2015 
 China  
Nutritional 





EAR: 650 mg 
 





Dietary calcium intakes severely insufficient and well below 
EAR 
Vegetables the main contributor to dietary calcium intake 
(30.2%), followed by legumes (16.4%), then cereals (14.6%). 


















Higher calcium intakes were associated with higher total hip 
and femoral neck BMD in young men. 
Positive associations between total calcium and vitamin D 





2.4.5  Consequences of Inadequate Intakes 
	
Failure to obtain an adequate calcium intake can have a silent, severe and detrimental impact 
on bone health (78). Furthermore, the consequences of inadequate calcium intakes throughout 
adolescence are often not apparent until later life (41), when efforts to minimise the effects this 
has had on bone mass become increasingly futile (52). Prolonged states of deficiency result in 
calcium being mobilised from the bone to restore homeostatic balance, resulting in a weaker 
and more brittle bone structure, prone to fracture and osteoporosis (3). Failure to achieve 
sufficient intake over this life period, therefore prevents individuals reaching their full genetic 
potential for bone mass (5). Studies convincingly suggest that a low BMD in childhood and 
adolescents is associated with continuation of low BMD into adulthood (79,80). This is 
evidenced by the work of Matkovic et al, who conducted a study in Croatia, in which the bone 
status and fracture rates of two districts with differing calcium intakes were assessed. Their 
findings showed differences to be present in the amount of bone between the two districts at 
30 yrs of age, and that those with low bone mass in early life, continued to have low bone mass 
throughout life (79). Similarly, Kalkwharf et al concluded that a low bone mass in childhood 
and adolescence tended to persist through life, unless interventions were initiated to resolve 
this (80). Furthermore, it is unknown whether there is a “catch-up” period available for further 
calcium accretion beyond the years of peak retention, if intake is inadequate during this time 
(6). Therefore, the consequences of consuming insufficient calcium during this period has the 
potential to impose negative consequences for bone health, which may not be fully amendable 






2.4.6  Prevalence of Inadequate Intakes 
	
Inadequate calcium intakes are consistently prevalent worldwide and appear to range between 
50-90%, as evidenced in Table 2.3 It is to be noted that prevalence rates between countries 
will vary in relation to differing NRVs used to compare population intake against. The 
substantial prevalence of inadequate intakes may be in part attributed to the high dietary 
calcium requirements that are necessary in adolescents, making achieving sufficient intakes 
difficult. Current prevalence data of inadequate intakes amongst this population in New 
Zealand is unknown.  
2.5 Dietary Sources of Calcium 
	
Major food sources of calcium include dairy products, selected low oxalate vegetables, 
legumes, tinned salmon or sardines, tofu (set with calcium sulphate), almonds and fortified 
foods, such as  juices, cereals and plant-based milks (19,81). Consistently, milk has been 
identified as the main source of calcium for adolescent males (13,17,69). The ANS08/09 
reported milk to contribute 23% of daily calcium intake for New Zealand adolescent males 
(17). Other contributors to calcium intake include bread, non-alcoholic beverages, cheese, 
dairy products and vegetables (Table 2.3). It is important to note that whilst milk appears to be 
the major provider of calcium to the diets of many, Asian countries appear to be the exception, 
with milk and dairy products contributing to approximately only 7% of daily calcium intake 
(73). Instead, The China Nutritional Transition Cohort Study found the largest contributing 
food source of calcium, providing 30% of daily calcium, to be vegetables (73). As a result of 
dairy being such an important contributor to calcium intakes, those who do not consume dairy, 
are at increased risk for inadequate intake (82). Whilst adopting  vegetarian or vegan diets is 
much less common in males than in females (83,84),  there is  a heightened risk of calcium 
inadequacy and reduced BMD associated with these dietary patterns (85). Research suggests 




for vegans, calcium intake is often lower (86). For example, in a study assessing the differences 
in short-term calcium status between lacto-vegetarian and vegan young adults, it was observed 
those that were on a vegan diet had a substantially lower calcium intake (843 mg) compared to 
those following a lacto-vegetarian diet (1322 mg) (87). To this end, those consuming a vegan 
diet, or avoiding milk products should include calcium-fortified foods in their diet or calcium 
supplements in order to achieve a sufficient intake (19). 
2.5.1 Calcium Bioavailability 
	
Bioavailability refers to the proportion of the nutrient that is digested, absorbed and 
metabolized for physiological utilization and/or storage (88). The bioavailability of calcium 
varies between food sources, and is impaired by high protein, caffeine, oxalate and phytate 
intakes. Food Standards Australia New Zealand (FSANZ) permit a range of calcium salts to be 
used for fortification, including calcium carbonate and calcium tri-phosphate (89) . Of note, 
whilst fortified beverages such as soy milk, are frequently suggested to have a calcium content 
nutritionally matched to that of dairy milk, research has suggested that these do not constitute 
a calcium source directly comparable to dairy milk, with an absorption bioavailability of only 
75% of that of dairy milk (90). However, whilst concerns around the bioavailability of calcium 
fortificants have been previously raised, more recent work has identified calcium carbonate to 
have a calcium  bioavailability equivalent to cow’s milk, whereas the bioavailability of calcium 
tri-phosphate was shown to be less than that of cow’s milk (91). In New Zealand, the addition 
of either calcium carbonate or calcium tri-phosphate varies between producers. Additionally, 
it is worth noting that regardless of bioavailability, the calcium content of fortified plant-milks 
are likely reduced comparative to cow’s milk , due to the tendency of fortificant to settle at the 
bottom of the carton, even following vigorous shaking (90). Therefore it is of importance, that 
those omitting milk and milk products from their diet, not only choose a suitable alternative, 




requirements, given potential differences in bioavailability between dairy and non-dairy 
sources of calcium, and due to the calcium fortificants in fortified milks not being well-
dispersed.  
2.6 Influence of Dietary Habits on Calcium Intakes 
	
2.6.1 Changing Dietary Habits 
	
It is widely recognised that dietary habits are influenced by a range of factors such as taste 
preference, beliefs (health and/or ethical), socio-economic factors, convenience, peer and 
social network influences, food environments and societal influences, such as social media and 
food advertising (92). Changes in dietary habits are inevitable through this life stage, 
particularly given adolescence provides the opportunity for greater autonomy in regards to food 
choice (93). Concerningly, despite calcium requirements being amongst the highest of any 
lifecycle group, declines in calcium consumption are routinely observed in the transition 
between childhood and adolescence (22,69). Literature is strongly suggestive of certain dietary 
habits, such as dairy and breakfast consumption, being associated with favourable calcium 
intakes, whilst sugar-sweetened beverages (SSBs) and discretionary foods are associated with 
negatively impacting calcium intakes (13,24,26,69).  Problematically, dairy and breakfast 
consumption are habits of which are commonly observed to reduce during adolescence, whilst 
simultaneously, SSB and discretionary food consumption, emerge and/or escalate (69,94). 
These commonly observed changes in dietary habits exacerbate difficulties in achieving 
sufficient calcium intakes, despite already being troublesome to achieve, given the high dietary 







2.7 Barriers and Facilitators to Achieving Sufficient Calcium Intakes 
	
2.7.1 Dairy Consumption 
 
Dairy foods represent the most important source of dietary calcium, as these foods have both a 
high calcium content and bioavailability (42). Omission or limited consumption of dairy 
products, makes achieving adequate calcium intakes substantially more difficult (82). This is 
evidenced in the NHANES, 2005-2008, in which it was observed that adolescents who 
consumed at least two servings of dairy each day, had a mean calcium intake of 1381mg/day, 
comparative to those consuming less than 1 serve per day, who had a mean intake of just 
635mg/day (26). Furthermore, dairy products contribute a range of other beneficial nutrients 
to the diet, providing more calcium, phosphorous, magnesium, potassium, zinc and protein per 
calorie than any other food (50). Consequently, it is suggested that those whose diets exclude 
or contain minimal servings of  dairy, will be poorer in respect to other nutrients, not just 
calcium alone (49).  Importantly, in industrialized nations with a dairy industry, such as New 
Zealand, dairy products are relatively cost-effective purchases, making sustained, long-term 
consumption of calcium-rich food sources feasible (41). Specifically in regards to adolescents, 
consumption of dairy products is associated with higher calcium intakes, more nutrient-dense 
diets, and lower intakes of free sugars and discretionary foods (13,24). The availability of milk 
in the home, and individual taste preference for milk also appears to be positively associated 
with calcium intakes in this population (24). Interestingly, the HELENA study found 
consumption of milk to be positively related to BMC and BMD at a number of different bone 
sites in male adolescents (45). From this finding, it has been suggested that further research 
into milk consumption being utilised as a surrogate marker for bone health is warranted (45). 
However, whilst consumption of dairy products is considered amongst the best dietary habits 




significant decrease in the consumption of dairy products, and the proportion of total energy 
that this provides to the diet over these years (22,69). 
2.7.2 Breakfast Consumption 
 
There is a strong consensus within the literature that calcium intakes tend to peak amongst 
usual hours of breakfast consumption (13,22,24). This finding is likely due to the consumption 
of milk and milk alternatives, as well as calcium-fortified cereals and juices. In addition to 
promoting more favourable calcium intakes, breakfast consumption is also associated with 
higher fibre and folate intakes (95). Whilst breakfast is continually demonstrated to positively 
contribute to calcium intakes,  breakfast consumption is frequently observed to decline among 
this population (25) . Therefore, whilst consuming breakfast favourably enhances calcium 
intakes, skipping breakfast results in a missed opportunity for the inclusion of nutrient-rich 
foods, such as dairy products and calcium fortified foods, and presents as a barrier to achieving 
sufficient intakes amongst adolescents. 
2.7.3 Sugar-Sweetened Beverages and Discretionary Foods 
	
The consumption of SSBs and discretionary foods has been demonstrated to negatively impact 
the calcium intakes of adolescents (24). This is further supported by a study investigating 
calcium intakes of Australian adolescents,  in which calcium intakes were observed to decline 
with increased consumption of discretionary foods, beverages and alcohol (13). Likely, this is 
due to the displacement of more nutritious options. Conversely, they observed that adolescents 
with lower intakes of discretionary foods, tend to have more favourable calcium intakes.  
2.7.8 Social Influences on Dietary Habits of Adolescents 
	
It is widely acknowledged that eating patterns are strongly influenced by social context, and  
by close social contacts, such as family members and peers (24,96). Furthermore, the 




role-modelling behaviours of the parents themselves are all positively associated with calcium 
intakes of adolescents (24,68). Adolescents are also particularly vulnerable to following social 
norms, with decisions and choices, including food choices and eating behaviours, influenced 
heavily by their peers (97–99). In this regard, it is important to note that adolescents are of a 
life stage in which they are particularly responsive to those around them, as well as the 
environments they are immersed in, which can either act as a facilitator or a barrier, to 
achieving a sufficient calcium intake. 
2.8 New Zealand’s Changing Food Environment 
	
Food environments encompass the physical, social, economic, cultural and political factors that 
impact the accessibility, availability and adequacy of food within a community or region (100).  
Food environments change over time, and consequently dietary habits also. Given 10 years has 
passed since the diets of NZ adolescents were last examined, there is a high likelihood that the 
environment in which adolescents are making food choices in has since undergone changes. 
After a comprehensive, national food policies and environments study spanning 2014-2017,  
the NZ food environment has been described as “largely unhealthy” and “ relatively 
obesogenic” (101). The study highlighted young people were exposed to considerable 
quantities of marketing of unhealthy foods.  Furthermore, the overall healthiness of school 
environments was classified as poor, with high proportions offering SSBs and unhealthy 
“occasional” foods. Concerningly, there was a clear missing link between the healthy eating 
messages communicated in the teaching curriculum and the food environment on-site. These 
findings reflect the difficult nature of the food environments that NZ adolescents are immersed 
in, of which have considerable influence on their food choices and dietary intakes. Following 
these findings, many new initiatives have been undertaken to improve the food environment, 




the potential for food environments to have improved since the ANS08/09, generating 
favourable changes in dietary habits and consequently calcium intakes.  
2.9 Conclusion 
	
Calcium is an essential mineral that is involved in a range of physiological processes, including 
optimisation of bone health. It is not widely distributed amongst food groups, and is primarily 
found in milk and milk products. Adolescence is a period characterised by rapid growth and 
skeletal development, of which calcium plays a crucial role in the attainment of achieving peak 
bone mass-the single most important predictor of fracture risk and osteoporosis development. 
Whilst genetics are the primary determinant of bone mass, lifestyle factors such as dietary 
calcium, also play a pivotal role. However, whilst genetics are non-modifiable, dietary habits 
are modifiable. With this in mind, it is important to understand that calcium intakes throughout 
adolescence possess the ability to either positively or negatively influence skeletal bone health. 
Whilst the importance of calcium is routinely stressed amongst this population, intakes appear 
to be consistently low globally. Concerningly, the prevalence of inadequacy in this lifecycle 
group (as of the latest available data) in New Zealand was reported to be 58% (17). This has 
the potential to generate undesirable consequences in the future, impacting quality of life and 
creating an unnecessary burden to the healthcare system. An understanding of the calcium 
intakes of male adolescents and the contributing food sources in NZ, is required to gauge 
further understanding of the situation, given the last collected data from this population was 





3. Objective Statement 
	
A sufficient dietary calcium intake throughout adolescence is imperative in facilitating 
optimal bone health. However, globally, there is a high risk of inadequacy amongst this 
population, of which provides cause for concern. Currently, there is very limited data on 
dietary calcium intakes, and the major contributing food sources, of this population. 
Therefore the aim of this thesis is to examine the dietary calcium intakes and major 
contributing food sources of calcium for adolescent males, aged 15-18 years, in New 
Zealand- for the purpose of informing dietary recommendations and public health policy 
tailored to this particular lifecycle group.  
 
Specifically, this thesis aims to achieve the following in regards to NZ male adolescents: 
• To determine the usual dietary calcium intake and the prevalence of inadequacy in 
this population group 
• To describe and compare intake of energy and calcium by select socio-demographic 
and anthropometric characteristics in this population   
• To determine the major contributing food sources of calcium to the diet in this 
population  
• To identify self-reported dietary habits that present as possible facilitators or 









4.1 Study Design 
	
This study is part of a larger, multi-centre survey, the SuNDiAL project (Survey of 
Nutrition, Dietary Assessment and Lifestyle). The overall aim of SuNDiAL was to describe 
the nutritional status, dietary habits, attitudes and motivations for food choices, physical 
activity patterns and screen time usage of NZ adolescents. The project was a cross-sectional, 
nationwide survey conducted in two phases, across two consecutive years. Phase one 
(2019), consisted of the assessment of female adolescents and Phase 2 (2020), consisted of 
the assessment of male adolescents. Findings from the study will be used to inform and 
guide public health policy in the areas of nutrition, physical activity and lifestyle habits. 
SuNDiAL was comprised of multiple components including; a demographic and health 
questionnaire, a questionnaire assessing attitudes, beliefs and motivations towards food 
choice, two 24-hour diet recalls, physical activity recalls and 7-day accelerometer data, 
anthropometric measurements, and tissue sampling (blood and urine). This thesis will 
present results focused on the dietary calcium intakes, major food sources and dietary 
habits of adolescent male study participants. Six New Zealand high schools  participated 
in Phase 2 from; Auckland, Tauranga, Rotorua, Christchurch, and Dunedin. 
4.2 Ethical Approval 
 
The SuNDiAL project was reviewed and approved from the University of Otago Ethics 
(Health) Committee (Appendix A & B) and is registered with the Australian New Zealand 





from each participant. In addition, parental consent was secured from participants under 




4.3.1 School Recruitment  
	
High schools geographically located in the vicinity of the researchers nationwide, with a 
total roll of greater than 400, were invited to participate in the study via email (Figure 4.1). 
Initial email invites were sent to eligible schools in October 2019. Schools were selected 
to represent a range of socio-economic status by way of school decile. School decile 
reflects the average family economic and social factors related to the backgrounds of the 
students attending that school (103). Approximately 10% of schools are grouped within 
each decile, with decile 1 schools reflecting the highest proportion of students from low 
economic communities, while a decile 10 school is in the top 10% of schools with the 
highest proportion of students from high socio-economic communities. Interested schools 
were to provide written consent to participate and following this, a research team consisting 






















4.3.2 Enrolment of Participants 
	
Information sessions outlining the aim of the study and data collection activities were given 
to participating high schools. Participants were informed they would receive a small 
reimbursement, a $5 supermarket voucher, for each component of the study completed (up 
to the value of $30). Researchers highlighted to participants that whilst there were multiple 
components of the study, they were free to participate in as much or as little of the study 
as they wished. Participants were informed that they had the opportunity to request copies 
of their results, and would be provided with information as to how to interpret these. 
Interested participants were then invited to sign up by either providing their contact details 
directly to the researchers (MDiet students) or by registering their interest online. 
Individuals were eligible to participate if they were male (or self-identified as male), 
between the ages of 15-18 yrs old, and had the ability to speak and understand English. 














            Consented to participate: 6 





confidentiality. Participants then received an email link to an online enrolment 
questionnaire, which included socio-demographic and health-based questions for 
answering (Appendix C). 
	
4.4 Data Collection 
	
Following participant consent, and completion of the initial socio-demographic 
questionnaire, a study visit was arranged. The visit consisted of a trained researcher 
undertaking a 24-hr diet recall and anthropometric measurements. A follow up phone call 
was made approximately one week later to obtain a second 24-hr dietary recall. Blood and 
urine samples were taken by a trained phlebotomist approximately one week following the 
follow-up phone call, however the data was not utilised for the purpose of this thesis. All  
data obtained followed a vigorous study protocol to ensure consistency of collection, 
assisting in minimising both intra and inter researcher variation. 
4.5 Measurement Tools 
	
4.5.1 Demographic Data 
	
Demographic data was collected via REDcap (Research Electronic Data Capture), a secure 
web based application. Data included age, ethnicity, and school attended, with the decile 
of the school being noted (Appendix C).  Ethnicity was determined using the 2006 census 
questions with participants being asked to tick all ethnicity(s) that they affiliated with from 
the following: New Zealand European, Māori, Samoan, Cook Island, Tongan, Niuean, 
Chinese, Indian or other. Participants who selected multiple ethnicities were prioritised in 
the following order; Māori, Pacific, Asian, NZ European then other. Home address was 





measure of the socio-economic status of a mesh block (small geographical area), calculated 
by accounting for a range of variables, which contribute to socio-economic disadvantage 
to generate a summary deprivation score (104). The resulting value will fall between a 
score of 1-10, with 10 indicating the area is amongst the most deprived 10% areas of NZ. 
4.5.2 Dietary Habits Questionnaire 
	
Dietary habits, motivations and attitudes towards food choice were assessed in an online 
questionnaire administered via REDcap (Appendix D). The questionnaire was based 
primarily on  previously validated questionnaires (105–109), with modifications being 
made where necessary (such as omitting jargon for more familiar phrases) to make them 
more suitable for NZ adolescent males. Participants were asked a range of questions of 
which they were to answer by clicking on the response that best aligned with their dietary 
habits. Questions pertaining to dietary habits utilised for the purpose of this thesis included 
frequency of milk consumption (plant or dairy), as well as consumption frequencies of 
dairy products, sugar-sweetened beverages and breakfast (Appendix D.) 
4.5.3 Anthropometric Data 
	
Measurements of height and weight were taken during the in-school visit following 
standardised protocol (Appendix E). Participants were verbally briefed about each 
procedure and measurement before commencement. Participants were instructed to remove 
shoes, heavy items of clothing and any items in their pockets. Height was taken in duplicate 
on a stadiometer (Seca 213) (Seca GmbH, Hamburg, Germany). This was placed on a hard, 
even surface against a level wall, and a stool was used to assist the researcher in the case 
that the participant was taller. Participants were positioned in the Frankfort horizontal plane, 





outwards at an approximately 60-degree angle. They were then instructed to take a deep 
breath in, and the headpiece was brought down to rest on the top of the head (following 
consent). Weight was taken using scales calibrated at the University of Otago before being 
sent out to data collectors located across the country.  Measurements were taken in 
triplicate on either Medisana PS 420, Salter 9037 BK3R, Seca Alpha 770, or Soehnle Style 
Sense Comfort 500 scales. All anthropometric measurements were recorded into REDcap, 
where BMI (Body Mass Index) was calculated, and plotted for comparison against the 
World Health Organisations (WHO) age and sex specific growth charts (110).  
4.5.4 Dietary Intake  
	
All food and beverage consumption data were obtained by trained researchers using a 
multiple pass 24-hr diet recall (Appendix F). Participants were asked to recall everything 
consumed the previous day (12:00am-11:59pm). The first pass involved a quick list being 
taken, followed by detailed descriptions of the foods and beverages consumed, and then a 
final review of the days food and beverage consumption. A range of common household 
measures, as well as visual aids, were utilised to best gauge accuracy in determining portion 
sizes (Appendix G). The “quick list” involved the  participant identifying all foods and 
beverages that they had consumed the previous day. The researcher then went back through 
the quick list with the participant, probing for additional details such as brands, quantities, 
and cooking methods, as well as any other applicable information. Lastly, the interviewer 
reviewed the day with the participant, ensuring that all details were obtained, whilst also 
prompting the participant to remember anything that may have been missed. The 
participant was also asked about whether salt was added to food during cooking, and 





being conducted face-to-face and the second recall done via phone or video-call, 
approximately seven days following the initial recall. To best allow for dietary variation 
and a more accurate estimate of “usual” intake, the second recall was taken for a weekday 
or weekend (dependent on when the initial recall had been done). 
The energy and usual calcium intakes were estimated from the 24-hr diet recalls using 
FoodWorks- a nutrient calculation software programme (FoodWorks 9, Xyris Software 
Australia Pty Ltd), of which is supported by the most up-to-date New Zealand food 
composition tables (FOODfiles 2014 (The New Zealand Institute for Plant & Food 
Research Limited)). All recalled food and beverage items were best matched to those 
existing in the data base. In the case that the exact foods were not available in FoodWorks, 
either the closest match was selected (within 10% of the energy and macronutrient 
composition of the recalled item based on the nutrition information panel) or a new recipe 
was entered (if ingredients were known to the participant or available to the researcher). 
To ensure consistency across researchers, when minimal information on the product or dish 
was presented, default foods and food weights were to be used as given in the SuNDiAL 
code book.   
4.6 Statistical Analysis 
	
To estimate mean nutrient intakes with a 95% interval, 100 participants were required to 
give a precision level of +/- 0.2 SD (standard deviations). To allow for drop-outs, 
incomplete data and a small design effect from school clusters, a minimum sample size of 






4.6.1 Statistical Methods 
	
Statistical analyses were carried out using Strata (StataCorp. 2017. Stata Statistical 
Software: Release 16 College station, TX: StataCorp LLC). Appropriate methodology was 
used to account for school clusters. Dietary intake data was adjusted for usual intake using 
the Multiple Source Method (MSM) (111). This estimates the day-to-day variation in 
nutrient intake, between two days of dietary recalls, giving an adjusted estimate of usual 
intake for each participant. The EAR cut-point method was utilised in determining the 
proportion of participants with inadequate intakes, participants with an intake below 
1050mg /day (18). Major food sources of calcium for each participant were identified by 
calculating the proportion of total nutrient intake from each of the 33 food groups 














Of the 1664 eligible participants, 146 consented to participate (Figure 5.1). Participants 
with missing questionnaires or 24-hr diet recalls (n=11) were removed, leaving 135 
enrolled participants in the analytic sample. Of those enrolled, 102 participants completed 
a 24hr dietary recall, with 72 of these participants completing a second recall. 
Anthropometric data was missing for 26 participants due to being unavailable for 
appointment times and/or the cessation of in-person study visits in response to country-


















Figure 5.1 Participant Enrolments 
Eligible participants 
n= 1664 




Did not complete consent  
n= 101 
No parental consent 
n= 76 
Did not complete enrolment 
n= 10 
Excluded (19yrs old) 
n= 1 




Did not complete any questionnaire 
or 24hr recall 
n=11 
Participants included in study 
n= 135 
	
Online questionnaire completion  
• Demographics & Health 
           n=128 
• Attitudes & Motivations 
                   n= 124 
• Dietary Habits 
                    n= 122 
	
24-hr Dietary recalls 
• One 24hr recall 
n= 102 












5.1 Participant Demographics 
	
Socio-demographic characteristics of study participants are shown in Table 5.1. The 
average age of the participants was 16.6 years old and over half were New Zealand 
European (NZEO), followed by nearly one-third identifying as Asian, and the remaining 
as Māori and Pacific. Participants were well-represented across a range of neighbourhood 
deprivation levels, with the majority being classified from low-moderate deprivation areas, 
and just over 20% classified in the highest deprivation category. The majority (two-thirds) 
of participants were classified as being of normal weight, with the remaining as overweight 
and obese.  
Table 5.1  Socio-demographic Characteristics of SuNDiAL Male Participants 2020 (Phase 2) 
Characteristics n n (%)1 


























Deprivation Level3  
            Low   
           Moderate 


















NZEO, New Zealand European; BMI, Body Mass Index 
1 Unless otherwise specified 
2  Missing data excluded (n=6), ethnicity self-identified 
3 Deprivation level defined as per NZDep2018 : “Low” 1-3, “Moderate” NZDep 4-7, “High” NZDep 8-10, 
missing data excluded (n=6) 







5. 2 Energy and Dietary Calcium Intakes 
	
The energy and usual daily calcium intakes of the male participants are displayed in Table 
5.2. The mean (SD) energy intake of participants was 2408 (768) kcal per day. Higher 
energy intakes were also reported in older participants (17-18yrs), those residing in higher 
deprivation neighbourhoods and those classified as overweight/obese compared to their 
relative counterparts.  
The median (IQR) usual daily calcium intake for all participants was 935 (656, 1222) 
mg/day, ranging from 222 mg/day to 2437 mg/day. Inadequate calcium intakes were 
ubiquitous across all demographics, with the overall prevalence of calcium inadequacy for 
the sample population determined at 63%. Whilst all sociodemographic subgroups 
demonstrated concerning levels of calcium inadequacy, certain participants appeared at 
higher risk of inadequate intake, including those who were younger, identifying as Asian, 
and residing in lower levels of neighbourhood deprivation. Of particular note, Asian 
participants had the highest prevalence of inadequacy (76%), followed by NZEO, Māori 
and Pacific. In addition, participants classified as overweight and obese had a considerably 
higher usual calcium intake (1105 mg/day) and lower risk of inadequacy (47%) compared 
to those of normal/underweight classification (841 mg/day and 71%, respectively). 
Overall, subgroups with higher energy intakes appeared to also have higher calcium intakes 
with the exception of Pacific participants who had the lowest calcium intakes, despite the 
highest energy intake of any ethnic group – although it should be noted that only three 




Table 5.2  Energy and Usual Calcium Intakes of Adolescent New Zealand Males 
EAR, estimated average requirement; IQR, Interquartile range (25th and 75th percentile); NZEO, New Zealand European,; BMI, Body Mass Index
1  Inadequate intake defined as less than the EAR (1,050mg/day) for New Zealand males aged 14-18yrs   
2  Deprivation level defined as “Low” NZDep2018 1-3, “Moderate” NZDep 4-7, “High” NZDep 8-10, missing data (n=6) 




n (%) Mean Usual Energy intake 
 
Median Usual Calcium intake 
 
Prevalence of calcium inadequacy 1 
  kcal/day ± SD mg/day (IQR) n  (%) 
All Participants 
 













2248 ± 571 
2546 ± 307 
935 (656, 1222) 
 
 
893 (652, 1174) 














7  (7) 
3  (3) 
29  (28) 
6  (6) 
 
 
2497 ± 616 
2156 ± 682 
3870 ± 2798 
2119 ± 527 
2589 ± 641 
 
 
858  (683,1116) 
1041 (605, 1288) 
490  (489, 1038) 
802  (612, 992) 
1203 (965, 1812) 
 
39 (67.2) 
4  (57.1) 
2  (66.7) 
22 (75.9) 
3  (50.0) 
 
Deprivation Level 2  










2308 ± 594 
2436 ± 663 
2446 ± 1119 
 
 
785 (566, 1086) 
951 (802, 1306) 







BMI Z-score classification3 
Underweight and Normal 







2373 ± 562 
2671 ± 1095 
 
 
841 (589, 1114) 









5.3 Major Contributing Food Sources of Calcium  
	
The top ten greatest contributing food sources of dietary calcium for participants are shown 
in Table 5.3. Milk was consumed by over three-quarters of participants (77%) and 
provided the greatest mean percent contribution to usual daily calcium intake at 28%  (95 % 
CI: 24.2,32.7). Cheese was ranked second, with a mean percent contribution to daily 
calcium intake of 11% (95% CI: 7.9, 13.7).  However, unlike milk, less than half of the 
participants consumed cheese (48%). The remaining food groups, in particular, bread, non-
alcoholic beverages, grains/pasta and vegetables, whilst lower in overall mean contribution 
to daily intake, were consumed widely amongst participants ranging from 65% to 81%. 
Interestingly, dairy products (other than milk and cheese) and breakfast cereals did not 
offer significant contributions to daily calcium intakes, and were not widely consumed 





















Contribution to usual daily calcium intake 
Mean, % (95% CI) 
 




































Grains and Pasta 
 
























3.3 (2.3, 4.4) 
 
55 (53.9) 
CI, confidence interval 
1Obtained through dietary habits questionnaire 
2Milk includes all milk (cow,soy, rice, goat and flavoured milks, milkshakes and milk powder) 
3Bread food group includes rolls and specialty breads 
4Bread based dishes include sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, doner kebabs, 
wontons, spring rolls and stuffings 
5Non alcoholic beverages include all teas, coffees, hot chocolate drinks, juices, cordials, soft drinks, water, 
powdered drinks, sports and energy drinks 
6Dairy products include cream, sour cream, yoghurt, dairy food, ice cream and dairy based dips 
 
5.4 Influence of Dietary Habits on Calcium Intake 
 
Median usual daily calcium intakes of participants categorised relative to various dietary 
habits are displayed in Table 5.4. Participants who consumed milk and dairy products daily 
(or multiple times per day), did not consume or rarely consumed SSBs, and consumed 
breakfast everyday displayed the most favourable calcium intakes. Milk consumption 





consuming milk daily or multiple times per day, having a considerably higher median 
calcium intake and lower prevalence of inadequacy (1027mg/day and 54%, respectively) 
compared to those who consumed milk only sometimes, or less frequently. Similarly, 
participants that consumed dairy products more frequently also displayed more favourable 
calcium intakes, however the proportion of participants who consumed these daily or 
multiple times per day was considerably lower than those consuming milk (38% and 63%, 
respectively). Those who did not consume milk or rarely consumed milk had an inadequacy 
prevalence of 100%, however it is worth noting that the sample size of participants who 
classified into these consumption categories was small (n=7).  Despite frequent milk 
consumers having considerably higher calcium intakes, the median usual calcium intake 
for this group (1027 mg/d), still fell below the EAR of 1,050 mg/day for this population. 
 Median calcium intakes also appeared to be inversely related with frequent SSB 
consumption, with participants who consumed SSBs several times per week or more 
having considerably lower median daily calcium intakes than those who were non-
consumers or rarely consumed SSBs. Lastly, the majority of participants consumed 
breakfast either daily or most days (81%), with those consuming breakfast everyday having 
the greatest median calcium intake (1055 mg/day; 95 % CI: 823, 1352), and lowest 










Table 5.4 Frequency of Milk, Dairy, SSB and Breakfast Consumption Among Male Adolescents and 















Several times per week4 









387  (264, 514) 




4  (100.0) 
15 (57.7) 
31  (54.4) 
Dairy 
Product Consumption (excluding 
milk and cheese)5 
Non-consumers 
Rarely2 
Several times per week3 













731   (535, 851) 
834 (503, 1035) 











Several times per week3 
Daily or multiple times per day 
 
 
2     (2.2) 
54  (60.0) 
28  (31.1) 
6    (6.6) 
 
931 (817, 1046) 
917 (709,1229) 
885 (503, 1131) 















50  (56.2) 
 
490 (473,931) 
683 (495, 766) 








SSB’s, sugar-sweetened beverages; IQR, interquartile range (25th to 75th percentile) 
1Sample size defined by participants with consumption responses recorded for the listed dietary habits 
2Inadequete intake defined as less than the EAR (1,050mg/day) for New Zealand males aged 14-18yrs 
3Consumption response of rarely, monthly,2-3 times per month or once weekly  
4Several times per week consumption response of between 2-6 times per week 
5 Dairy consumption constitutes all dairy products other than milk, i.e. cheese, yoghurt, sour cream 
6SSBs, include fizzy, diet fizzy, and energy drinks, classified by responses across all three categories 
7Missing data from one participant, n=89 
8Consumption response of once, twice or three times per week 








6. Discussion and Conclusion 
	
	
The purpose of this study was to examine dietary calcium intakes and the major 
contributing food sources among NZ adolescent males. Our findings revealed sub-optimal 
calcium intakes among this sample population, with almost two-thirds of participants 
classified as having inadequate intakes. Whilst lower than desirable intakes were widely 
observed across demographics, Asians and those from lower areas of deprivation were 
identified as being at a heightened risk of inadequacy. Milk was inarguably the most 
valuable contributing food source, in regards to both its high content of calcium and its 
widespread consumption. Additionally, adolescents who self-reported regular 
consumption of milk, dairy products and breakfast meals, as well as avoiding or rarely 
consuming SSBs, appeared more adept to achieving recommended intakes, compared to 
their respective counterparts.  
 
Our findings align with the current body of global evidence, which strongly indicates 
calcium intakes of adolescent males to be below recommendations. Despite being lower 
than desirable, calcium intakes among New Zealand adolescent males have remained 
relatively stable when compared to findings from the last national nutrition survey in 
2008/09 (17). Specifically, the median usual calcium intake (935 mg/d) and prevalence of 
inadequacy (63%) in the present study, was similar to the ANS08/09 reported median usual 
daily calcium intake (980 mg/d), and prevalence of inadequacy (58%) (17). In addition, 
calcium intakes in the present study appear to be more favourable than those compared to 
national survey data from Australia and the UK, with adolescent males displaying usual 





calcium intakes of adolescent males in the United States are considerably higher at 1266 
mg/day (15). 
Whilst conflicting evidence exists regarding possible associations between energy and 
calcium intakes (56,68,70,71), findings from the present study suggest participants who 
had greater energy intakes, appeared to have higher median calcium intakes than their 
respective lower energy counterparts. However, a more robust investigation than that 
undertaken in the present study is required to examine the relationship between energy and 
calcium intakes.  
Asian adolescents were identified to be at higher risk of not consuming sufficient calcium 
relative to other ethnic groups, as supported by both the present study and previous research 
(20,73). This apparent increased risk of inadequacy may be due to a high prevalence of 
lactase deficiency, and subsequent avoidance of dairy-based foods (75). Previous work 
assessing Asian attitudes towards calcium rich foods supports the idea that reduced dairy 
consumption is likely a contributing factor to poor calcium intake, with findings 
highlighting negative attitudes towards dairy as a result of perceived lactose intolerance 
and taste aversions (112).  
Another sociodemographic characteristic reflecting apparent higher risk of suboptimal 
calcium intake in the present study was deprivation level, albeit in contrast to previous 
work that has shown either calcium intakes to be lower in high deprivation areas or no 
definitive socio-economic associations (17,76). The reason for varying calcium intakes 
among deprivation levels in the present study is unknown as we did not stratify the major 
food group contributors by deprivation levels to explore whether rankings of food groups 





Previous work has identified that milk intake does not appear to vary according to 
educational levels (113). However, it is plausible that the findings of the present study 
suggesting low SES adolescents have a more favourable calcium intake may be attributed 
to consuming more bread and bread based dishes. Whilst there is limited scientific evidence 
available regarding specific associations between deprivation levels and consumption of 
bread and bread based dishes, there is substantial anecdotal evidence to suggest that in 
response to food insecurity, people tend to prioritise food items, such as bread, that are 
cheap, unlikely to spoil, and leave people feeling full and satisfied (114,115). Furthermore, 
it is important to note that the bread food group is inclusive of rolls and specialty breads 
(including those with cheese-based toppings), and bread-based dishes inclusive of items 
such as sandwiches, pizzas, and filled rolls, of which calcium may be contributed through 
cheese or other dairy ingredients. However, the bread itself, also has the potential to 
contribute meaningfully to the calcium intakes of this population. Whilst breads are 
typically a poor source of calcium, when consumed in large quantities, as commonly 
observed in this population (21), it has the ability to contribute a small, but valuable 
addition to intake. For example, Burgen Soy and Linseed toast bread provides 190 mg of 
calcium per 2 slice serving, equating to 18% of the EAR for this lifecycle group (116). 
Additionally, white toast bread provides approximately 64 mg per 2 slice serving (117), 
however this is likely to have greater bioavailability than the grain-based breads, due to the 
absence of phytates which inhibit calcium absorption (118).  The ability of bread to be 
noted as a calcium contributing food source is largely variable between brands and is 





Whilst it has been suggested that adolescents with higher calcium intakes appear to have 
lower rates of overweight/obesity than their peers (54–56), our findings revealed higher 
calcium intakes among those classified as overweight and obese. However, given the 
preliminary finding of high calcium intakes among demographic subgroups consuming 
higher energy intakes in the present study, including those classified as overweight and 
obese compared to their normal weight counterparts, a more in-depth analysis is required 
to disentangle the socio-demographic and anthropometric factors affecting calcium intake 
and subsequent prevalence of inadequacy.  
 
In the present study, almost one-third of adolescents daily calcium was contributed by milk. 
Our findings are consistent with the literature, as milk has previously been established as 
the leading calcium contributor to the diets of adolescent males (13,17,69), albeit the 
proportion of food group contribution differed slightly from the 2008/09 national survey. 
For example, calcium obtained through bread, bread-based dishes and non-alcoholic 
beverages in the present study compared to 2008/09 survey was lower, whilst percentage 
contributions to calcium intake from both milk and cheese appear was slightly higher (28% 
vs 23% and 11% vs 7%, respectively) (17). Of note, whilst dairy products (other than milk) 
are routinely promoted as among the best sources of dietary calcium, they are not as widely 
consumed as milk, and this was reflected in their relatively low percentage contribution to 
overall calcium intake.  Furthermore, the importance of milks contribution to calcium is 
highlighted when assessing differences between calcium intakes of frequent milk 
consumers, comparative to those who do not consume or rarely consume milk. Whilst most 





are those who don’t consume milk or rarely consume milk (n=7), of whom 100% 
demonstrated inadequate calcium intakes. Whilst representing a minority of participants, 
this re-iterates the important need for consumption of alternative calcium sources and 
possibly supplementation, in the case of adolescents excluding milk (incl. plant milks) from 
their diet, in order to obtain a sufficient intake of calcium, during this critical period of 
growth and bone development. 
Lastly, the adoption of certain healthful dietary habits, namely regular consumption of 
either dairy or calcium-fortified plant milks, dairy products and breakfast meals, appear to 
be important factors to achieving adequate calcium intakes. In the present study, those 
engaging in frequent SSB consumption appear to have compromised calcium intakes. 
These habits have been previously established as facilitating or preventing attainment of 
sufficient calcium intakes (13,14). Encouragingly, most of our study population (81%) 
consumed breakfast either daily or most days. Given the apparent widespread breakfast 
consumption that appears to already exist among this population, educational efforts should 
be focused on ensuring adolescents are aware of why and how they can use this meal as an 
opportunity to include calcium-rich foods into their diet. 
6.1 Strengths and Limitations 
	
Our study had a number of strengths, including being a multi-site study, which allowed for 
recruitment of a larger sample size, albeit the data were not nationally representative of the 
population. For example, while our recruitment areas represented a range of neighbourhood 
deprivation levels,  our sample had a higher proportion of participants identifying as Asian 
(one-third) with a lower proportion of Māori and Pacific participants, compared to national 





inadequacy among subgroups, as previously identified in the ANS08/09 (17). Moreover, 
our findings cannot be generalised beyond our specific sample population. An additional 
study strength was the collection of a second dietary 24-hr diet recall, completed by two-
thirds of participants, which allowed for adjustment and estimation of usual intake 
distributions. However, usual calcium intakes did not include supplements, and thus the 
prevalence of inadequacy may be overestimated. Lastly, it should be noted that the data 
collection period was halted due to a virus outbreak (COVID-19) and thus, the overall 
sample size was smaller than intended (n=136 versus n=150), resulting in missing 
anthropometric data, as well as potential changes in dietary habits and patterns. 
6.2 Conclusion 
	
The prevalence of calcium inadequacy amongst New Zealand male adolescents remains 
high. Despite identification of sub-optimal calcium intakes amongst this lifecycle group 
over 10 years ago, little progress has been achieved in improving calcium intakes of this 
population. Moreover, certain sociodemographic groups were identified as being at 
increased risk of inadequacy, such as Asian adolescent males, although more representative 
sampling is needed to determine prevalence of calcium inadequacy amongst all groups, 
including Māori and Pacific adolescent males. Our findings also suggest that establishing 
healthy dietary habits (milk, dairy, and breakfast consumption, alongside limiting 
consumption of SSBs), improves the calcium intakes of this population. However, given 
that even adolescents who consume milk daily or multiple times per day are still 
demonstrating high rates of inadequacy (44%), interventions are needed, such as food 





7. Application of Research to Dietetic Practice 
	
 
The present study highlights the ongoing concern of sub-optimal calcium intakes amongst 
male adolescents, consequently jeopardising the future bone health of young people, and 
long term, result in significant healthcare costs. A multi-sectorial approach to address 
calcium inadequacy among this population is urgently needed. For example, healthcare 
professionals, the food industry, schools, families and adolescents, are all important 
stakeholders in working towards generating effective strategies for this nutritional concern. 
The previous solution for addressing calcium inadequacy has focused largely on health 
professionals and the food industry promoting dairy consumption. However, whilst this is 
an important component, the solution appears to require a much broader, societal change 
in our food environments.  
 
Our findings highlighting the major food group contributors of calcium, together with the 
exploration of  links between dietary habits and calcium intakes, demonstrate the need for 
continued investment in creating healthy food environments. Additionally, a focus on the 
food environment will not only facilitate improvements in calcium and nutrient intakes, 
but also strengthen other areas of public health concern, such as obesity and tooth decay 
rates (120,121). These efforts will require on-going government level support to achieve, 
such as expansion of programmes encouraging healthier school food environments. 
Additionally, school breakfast clubs could be a potential strategy utilised in improving the 
calcium intakes of children and adolescence. For example, this type of programme could 
work particularly well for sports groups with morning trainings, providing an opportunity 





improve calcium intakes. Moreover, it is widely acknowledged that changing behaviour 
without addressing the environment in which people live and make descions, limits the 
chance of success (122,123). Therefore, to facilitate healthier dietary habits amongst 
adolescents, of which is known to be favourably associated with calcium intakes, the 
environment must be conducive to making better food and beverage choices.  
 
Dietitians and other healthcare professionals must continue (and strengthen) their 
communication around the importance of obtaining sufficient calcium intakes in this 
younger lifecycle group. This is particularly important given adolescents often view 
osteoporosis as a condition experienced by older people, failing to associate their current 
dietary choices as having any relationship to future bone health (112). Practioners must 
also ensure they are not complacent around the calcium intakes of this group, nor assume 
a higher intake of dairy is efficacious in meeting their requirement. For example, our data 
revealed that even those who were consuming milk daily/multiple times per day still had a 
relatively high prevalence of calcium inadequacy (44%). Dietitians should also be aware 
of the heightened risk of calcium inadequacy amongst Asian adolescents, with negative 
attitudes towards consuming dairy products common, as a result of self-diagnosed lactose 
intolerance and taste aversions (103). However, it should be noted that whilst Asians have 
a very high prevalence of lactase deficiency (87%), the prevalence of lactose intolerance, 
is much lower (20%) (124). Therefore, to ensure this sub-group are not omitting an 
important source of calcium unnecessarily, dietitians should work with the client/patient to 
determine whether dairy consumption results in adverse symptoms, or is simply perceived 





required, education around obtaining calcium in a lower lactose (e.g. spreading out dairy 
consumption throughout the day, consuming lower lactose dairy, such as lactose-free milk, 
and hard cheeses) can ensue. 
Importantly,  as the landscape of the food environment continues to change, opportunities 
to improve nutritional intakes through product development and food manufacturing will 
arise. For example, Basset et al suggested that bread manufacturing processes could be 
altered (with no noticeable change in texture, colour or sensory properties) through a 50% 
reduction in NaCl, with a simultaneous 50% increase in calcium salts (125). This alteration 
is proposed as a result of the dual beneficial health outcomes it has the potential to provide; 
reducing sodium intakes and increasing calcium intakes. Further work is required to 
determine the calcium bioavailability available from this, however previous, but dated, 
research has indicated that fortified breads have good calcium bioavailability (126).  
Furthermore, food-based strategies, such as food fortification, have been identified as the 
most valuable and cost-effective strategy in reducing the prevalence of micronutrient 
deficiencies (127,128). However, fortification policy requires updated nationally 
representative dietary survey data – of which, New Zealand’s last nutrition survey was 
captured over a decade ago. Increased advocacy is needed to encourage the New Zealand 
government to support nationally representative diet and nutrition survey efforts  as a 
means of monitoring food consumption patterns, identifying areas of concerns and to 
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approval of the Committee for any change. If you are applying for an amendment to your
approved research, please email your request to the Academic Committees Office:
gary.witte@otago.ac.nz
jo.farrondediaz@otago.ac.nz
Locality authorisation: Studies requiring locality authorisation, i.e. permission from the
organisations at which the study is taking place or from which participants are being
accessed, must be confirmed before the study commences.
Approval period: Approval is for up to three years from the date of this letter. If this project
has not been completed within three years from the date of this letter, re-approval or an
extension of approval must be requested. If the nature, consent, location, procedures or






























































Wednesday, 12 February 2020 
Dr Meredith Peddie 




Tēnā Koe Dr Meredith Peddie, 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 2020: 
Adolescent males 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 
11 February 2020 to discuss your research proposition. 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the 
University. In the statement of principles of the memorandum it states ″Ngāi Tahu 
acknowledges that the consultation process outline in this policy provides no power 
of veto by Ngāi Tahu to research undertaken at the University of Otago″. As such, 
this response is not ″approval″ or ″mandate″ for the research, rather it is a mandated 
response from a Ngāi Tahu appointed committee. This process is part of a number of 
requirements for researchers to undertake and does not cover other issues relating 
to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan: 
″Consultation does not mean negotiation or agreement. It means: setting out a 
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information upon which the proposal is based; listening to what the others have to 
say with an open mind (in that there is room to be persuaded against the proposal); 
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that may or may not alter the original proposal.″ 
The Committee is aware of the researcher's experience in similar studies that have 
been referred to this Committee. As in the past, the Committee encourages the 
collection of ethnicity data as part of the research project as a right of participants to 
express self-identity. The Committee also supports the analysis of cultural 
perspectives on diet, nutrition and social activities such as screen time which may 
have an impact on the research findings.  
 
The Committee acknowledges the aims and outcomes of this research project, and 
wishes to advise that further consultation is not required. 
 
This letter of suggestion, recommendation and advice is current for an 18-month 





















































appreciate receiving a copy of the research findings. 
 
The recommendations and suggestions above are provided on your proposal 
submitted through the consultation website process. These recommendations and 
suggestions do not necessarily relate to ethical issues with the research, including 
methodology. Other committees may also provide feedback in these areas. 
Nāhaku noa, nā 
 
Claire Porima 
Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development 
Te Whare Wānanga o Otākou 
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Anthropometric Measurements  
 
To complete anthropometric measurements you will need: 
x This protocol 
x A stadiometer that has been assembled correctly, and positioned 
appropriately against a straight wall 
x A set of body weight scales 
x A steel anthropometric measuring tape 
x The blood pressure and anthropometry recording sheet 
 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it correctly on the blood pressure and anthropometry recording sheet. 
 
Gain verbal consent from the participant for each measurement and explain fully what 
you will do to obtain them, specifically asking them if it is ok to touch the top of their 
head with the stadiometer when doing the height measurement. Before beginning, 




1. Ask the participant to remove their shoes, as well as any hair 
ornaments or buns/braids on the top of the head. 
2. If the participant is taller than the investigator, use a step tool 
to take the measurements.  Errors can be minimised by the 
investigator being parallel to the participant and the headpiece.  
3. Tell the participant to stand with their heels together and toes 
apart pointing outward at approximately a 60-degree angle. 
 
Legs straight 
Feet flat – heels 
together; feet 
pointed outward 
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4. Make sure the back of the head, shoulder blades, buttocks, and heels of the 
participant are touching the backboard/stadiometer. 
5. Make sure the participant’s head is aligned in the Frankfort horizontal plane, 
where a horizontal line connects from the ear canal to the lower border of the 
orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and ask the 
participant to stand as tall as possible and take a deep breath. 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the recording sheet 
without informing the participants.   
 
WEIGHT  
1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, 
boots etc). As the participant would have just had their height measurement done, 
they should not be wearing shoes. 
2. Turn on the scales, ensure they are switched on to metric (kg). 
3. Ask the participant to step on to the scales so that they are facing away from the 
display (to prevent seeing the weight) cautioning them that they need to step up 
onto the scales. 
4. Wait for the scales to read or come to a stable number. 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box on the 
recording sheet without informing the participant.  
 
ULNA LENGTH:  
Ulna length is measured between the point of the elbow 
and the midpoint of the prominent bone of the wrist using 
an anthropometric steel tape. This value is then compared 
with a standardized height conversion chart. Participants 
should be dressed in light clothing with no wrist watch or 
other jewellery on the arm that is to be measured. 
 






















































1. Measure between the point of the elbow and the midpoint of the prominent bone 
of the wrist (non-dominant side). 
2. Read and accurately record the measurement to the nearest 0.1 cm in the UNLA 
LENGTH 1 box on the recording sheet without informing the participants. 
 
NB: anthropometry tapes have a blank lead before measurement markings start - 
consider this when reading a measurement. 
 
 
REPEAT ALL MEAUREMENTS 
Repeat all three measurements again, in the same order, entering the measurements 
in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell 
participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart?  If so 
take a third measurement where required.  
 
Anthropometric measurements will need to be entered into REDCap (see REDCap 
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24 Hour Dietary Recall 
 
To complete the 24 h dietary recall you will need: 
x This protocol, including the tips sheet and useful prompts. 
x The 24 h dietary recall recording sheet. 
x Portion size box, including measurement aids and food photographs. 
 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it on every page of the 24 h diet recall recording sheet. 
 
Explain the 24 h recall to the participant 
 
“I am going to ask you about everything that you ate and drank yesterday.  Please try 
to recall, and tell me about everything that you had to eat at drink, whether it be at 
home, or away from home, including snacks, drinks and water. We are not here to 
decide if what your eating is healthy or not – we just want to understand what boys 
around New Zealand are eating, so we would like you to be really honest with us” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go 
back over this list and I will ask you more details about the specific foods and drinks, 
and the amounts.”   
 
“It might help you remember what you ate by thinking about where you were, who 
you were with, or what you were doing yesterday; like going to school, eating out, or 
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“So starting from midnight the day before yesterday, what was the first thing you 
remember eating?” 
 
Start recording quick list – keep prompting until finished  
 
“That’s great.  Sometimes people forget to tell us about drinks, particularly water 
when we do this list.”   
 
“How much water do you remember drinking yesterday?” (record)  
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food.  We also 
need to work out how much of each food that you ate or drank” 
 
“Let’s start at the beginning – the first thing you remember eating was xxxx”  (record) 
 
What time did you eat/drink that? (record) 
 
Go on to collect specific information that is relevant to each food based on the tips 
provided on the tip sheet.  Record as much specific information as you can.  Record 
each food item in a different row. 
 
Use the photos and measurement aids to help the participant estimate the portion 
size.  Remember that brand and package size will always give you the most accurate 
information. 
 
Before you go onto the next food on the quick list be sure to ask if they added anything 















Stage 3 – check for any further additions 
 
“Ok, thanks for working with me to provide all of that detail.  We are now going to do 
one more check to make sure there isn’t anything else that should be on this list.  I am 
going to read this list back to you.  If you remember anything else that you ate while I 
am reading it back to you please interrupt me and we will record it” 
 
Read through with the participant all the food and drink they have listed 
 
“Is there anything you can think of that we need to add in?” (record as necessary) 
 
“Last Question:  Do you know if the salt you use at home contains iodine?” (tick 
appropriate box) 
 
“Great thank you again.  If it is ok with you one day in the next week I would like to 
ring you and go through this process again on a different day, so that we can get an 
idea of how the foods you eat change from day to day.  What time of the day (outside 
of school time) would suit you for me to ring you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur on a 
randomly selected day, but that might not always be possible (at the very least it 
should be a different day of the week than today)  
 













































Remember that the more information you can obtain about each food the more 
accurate the data is going to be.  Please keep in mind that some of your fellow MDiet 
students are writing their thesis on nutrients (like Folate) that will vary from brand to 
brand depending on fortification so please be as careful and accurate as possible. 
 
You need to gather more information about each food identified on the Quicklist.  
Below are some prompts that might help you do this. 
 
Where possible for packaged foods collect the brand name. 
 
Potential questions to consider asking (depending on the food reported): 
x What is the brand name? 
x Was it fresh, canned, frozen or rehydrated? 
x Was it home made?  Do they know the recipe? If they do record on the recipe 
sheet) – this is more important for savory foods than baking (as the basic 
composition of a biscuit or a cake varies much less than the composition of, 
for example, a stir fry) 
x How was it cooked?  Was it baked, fried, or boiled? 
x Was the item coated before cooking, if so what it with flour, batter, eggs, or 
breadcrumbs etc? 
x Was it standard, low fat, low sugar caffeine free? 
 
Do not 
x Collect information about herbs and spices that are used in very small 
quantities 
x Ask leading questions 
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Useful Probes for Specific Food Groups 
 
FRUIT 
x Peeled or unpeeled 
x Colour? – e.g. red/green apple 
x Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have  




x Fresh, frozen or tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
x Cooking method – boiled, baked (with fat/oil – what type and how much?), 
microwaved, steamed etc 
x Colour – e.g. red/green capsicums 
x Potatoes – with or without skin, if mashed what was added and how much? 
x Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of 
a whole vegetable (e.g. ½ a medium capsicum) 
x Use photos to help estimate portion size for similar vegetables not shown in 
pictures (e.g. broccoli can be used to estimate cauliflower, peas can be used for 
corn or bean etc).  Use thickness guides and rulers to help estimate sliced 
vegetables (e.g. cucumber) 
 
DAIRY 
x Milk – brand name and fat content (show picture of bottle tops) 
x Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
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x Cheese - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use pictures) or 
sliced (thickness guides) 
 
NUTS 
x Roasted, raw, salted, other favouring, blanched 
x Whole, chopped, slivered 
x Mixed – with or without peanuts 




x White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
x Brand name (important for fortification) 
x Toast or sandwich slice (thick or thin) 
x For buns – any toppings (don’t worry about small amounts of seeds, but do record 
cheese, bacon etc) 
 
MARGARINE/BUTTER/TABLE SPREAD 
x People often use the term butter and margarine interchangeably so collect the 
brand name (do not comment on the fact they might not have used the correct 
description) 
x Low fat or standard 
x Phytosterols (cholesterol reducing) 
x Use pictures to help indication of thickness of spread 
 
DRINKS 
x Juices/Fruit Drinks  
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o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, is so how much? 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
x Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
x Made from liquid (cordial) or powdered concentrate (Raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 
PACKAGED FOODS 
x Brand and package size most important 
x Did they consume everything in the packet? 
 
MIXED DISHES 
x Try and record recipe if possible 
x If recipe unavailable try and get as much detail as possible 





























































































































































































































9.8 Appendix H: Food Groups used in the 2008/09 New Zealand Adult 
Nutrition Survey 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
